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LOCALIZATION OF THE FACTORS DE-
TERMINING FRUIT BUD FORMATION 
H. D. HOOKER, JR. AND F. C. BRADFORD 
Belief in a relationship between slow growth and a fruitful 
condition in apple and pear trees has come down to the present 
with the approval of many generations of growers. Said John 
Lawrence\ in 1717, concerning the pear: "*****but yet for the 
sake of that noble Fruit which some Kinds produce by the Help 
of a Wall, it is worth while to humble him and keep him in Order. 
For which purpose****I sometimes plash the most vigorous 
Branches, cutting them near the place from whence they shoot, 
more than half through, which effectually checks its Vigour, and 
consequently renders it more disposed to make weaker Shoots, and 
form bearing Buds." 
The chief concern of the older writers on fruit bud formation 
seems to have been the prevention of excessive growth. This was 
natural, since they were dealing chiefly with fruit gardens, manured 
and cultivated and consequently with trees growing luxuriantly. 
When fruit growing spread to the orchard the literary heritage 
from the garden survived and though there was an undoubted 
realization of the unfruitfulness of greatly weakened trees it is 
but recently that there has been a crystallization into definite 
phrases of this feeling that a certain amount of growth is necessary 
for fruit bud formation and that, within limits, fruitfulness and 
vegetative development are associated phenomena. 
SOME OF THE FACTORS INVOLVED 
The work of Klebs2 , of FisherS, of Kraus and Kraybil1\ and 
of HookerS has given some conception of the internal chemical 
factors connected with the initiation of fruit bud differentiation. 
Briefly stated, this seems to be associated primarily with carbohy-
drate accumulation and in apple spurs, with starch storage in 
particular. However, even though carbohydrate accumulation oc-
cur, fruit and differentiation does not take place if there be a lim-
iting factor which seriously retards or altogether stops vegetative 
growth. The inference seems warranted, therefore, that the supply 
of water, of heatS, of nitrates or of any other essential nutrient 
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may so check growth and carbohydrate utilization that carbohy-
drate accumulation results, if conditions be favorable for carbohy-
drate manufacture; anyone of these factors may become limiting 
and prevent fruitfulness, though under field conditions the nitrogen 
supply seems to be the factor most frequently operative in this 
direction. When the nitrogen supply is plentiful, carbohydrate 
is usually found in the plant in small amounts, because it has been 
utilized in growth; when the nitrogen supply is low, carbohydrate 
is usually found accumulated in relatively large amounts. In th e-
two year cycle involving fruit bud differentiation one year and fr'uit 
formation the next, through which most apple spurs on fruitful 
trees usually pass, starch accumulation is associated with a rela-
tively low nitrogen content during the period of fruit bud differ-
entiation the one year and a practical absence of starch is associ-
ated with an exceptionally high nitrogen content during the period 
of fruit setting the other year. 
It should be pointed out that this inverse correlation between 
nitrogen and carbohydrate (particularly starch) content does not 
represent a relationship of fundamental importance for fruit bud 
differentiation. It is, in a sense, accidental, though it is common 
because nitrogen supply is most often the limiting factor determin-
ing carbohydrate accumulation. In case some other factor, for ex-
ample water supply, were operative in checking growth, it is clear 
that carbohydrate accumulation might take place even in the pres-
ence of abundant nitrogen. In fact some such situation must ob-
tain in those spurs on certain apple varieties which form fruit 
buds regularly every year. If fruit setting depend on the presence 
of a relatively large amount of nitrogen in the spur as Harvey and 
Murneek7 suggest and if fruit bud differentiation depend on starch 
accumulation, then large amounts of nitrogen and of carbohydrates 
must be present almost simultaneously in these spurs. This situ-
ation has been observed in spurs of Payne's Late Keeper, a local 
variety in which a large percentage of the spurs are characterized 
by successive fruit bud formation. A sample of bearing spurs 
collected July 3, 1920, had 1.236 per cent nitrogen and 3.16 per 
cent starch. Comparison of these figures with the data published 
in Research Bulletin 40 of this Station shows that this nitrogen 
content is of the order found in spurs of other varieties during the 
spring of their bearing year and that the starch content is equal 
in amount to that found in those spurs of these varieties that are 
diiTerentiating fruit buds. 
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THE RELATION OF GROWTH TO PERFORMANCE 
The fact that very little growth and very ' vigorous vegetative 
development are alike unfavorable for fruit bud differentiation 
suggests relationship between spur growth and spur perfOrmance 
in the apple. Roberts8 found that in Wealthy and other apple 
varieties under certain conditions spurs of certain length growths 
showed the highest percentage of fruit bud differentiation and that 
both longer and shorter spurs showed lower percentages. 
To establish, for closer selection of samples for chemical study, 
the value of such an index to the probable performance of the in-
dividual spurs under conditions obtaining in the trees growing in 
the University orchard at Columbia studies of spurs of several 
varieties were undertaken. Measurements totaling around 1:3,000 
were made, work proceeding with each variety till several succes-
sive series showed no change in the results obtained. For purposes 
of this investigation no spur was considered which had not blos-
somed at least once; growth in one year of over 10 cm. was arbi-
trarily considered to remove the twig from the spur class to the 
shoot class. The massed results are shown in Table 1, in terms 
of percentage of spurs in each class forming fruit buds. The figures 
presented here are from purely vegetative growths, i. e., no meas-
urements of growth of any spur in its blossoming season are in-
TABLE I.-PERCENTAGE OJ! SPURS OF VARIOUS LENGTH CLASSES WHICH FORMED 
FRUIT BUDS 
Length Gano 
(em.) 
0.1-0.5 17.5 
0.6-1.0 45.7 
1.1-1.5 60.6 
1.6-2.0 69.2 
2.1-3.0 65.3 
3.1-4.0 74.6 
4.1-5.0 70.7 
5.1-6.0 79.2 
6.1-7.0 88.6 
7.1-8.0 88.7 
8.1-9.0 80.5 
9.1-10.0 74.0 
3.0-10.0 77.3 
Average 54.4 
Jonathan 
39.3 
53.8 
57.0 
76.8 
60.4 
72.7 
63.3 
78.1 
70.0 
100.0 
81.3 
68.4 
75.2 
53.4 
Devonshire 
Duke 
15.3 
17.5 
11.9 
30.0 
25.0 
50.0 
15.5 
16.4 
Wealthy 
49.7 
62.9 
62.5 
76.3 
62.8 
64.8 
70.0 
61.1 
81.2 
66.7 
66.7 
75.0 
69.5 
60.2 
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cluded. It may be stated, however, that inclusion of the growths 
during a season of fruiting made no material difference except in 
the percentage of fruit buds formed; the relative positions of the 
various classes remained the same. 
These figures show, in each variety, an increase in the per-
centage of fruit buds formed, with an increase in the growth of the 
current year. In some, however, the rise from the lowest class to 
the next higher is much more abrupt than in others, in Gano from 
17.5 to 45.7 as compared with a rise from 39.3 to 53.8 per cent in 
Jonathan. Viewing it in another way: in the lowest growth class 
Gano formed less than half the percentage of fruit buds that Jona-
;:han spurs making the same growth formed. This difference could 
not be due to the Jonathan growths averaging nearer the upper 
limit of the class than did the Gano, for actually conditions were 
reversed. It seems quite evident that Jonathan will form a great-
er percentage of fruit buds on very short growths than will Gano. 
Were spurs defined as growths up to 3 cm. only, there would 
be, in all four varieties, a maximum percentage of fruit bud forma-
tion in those growths between 1.6 and 2.0 cm. However, in each 
case, except Devonshire Duke, the percentage of fruit buds formed 
on growths between 3.1 and 10.0 cm. is higher than in any of the 
smaller classes. In other words, there is a strong tendency, in the 
trees examined, for a continuing increase in percentage of fruit 
bud formation with increase in growth. 
Table 2 shows the percentage distribution of these same spurs 
TABLE 2.-PERCENTAGE OF TOTAL NUMBER OF SPUR GROWTHS IN EACH LENGTH 
CLASS. 
Length Gano Jonathan Devonshire Wealthy 
(em.) Duke 
0.1-0.5 6.7 24.2 40.6 25.1 
0.6-1.0 17.4 33.2 45.5 32.3 
1.1-1.5 14.0 13.4 7.0 13.8 
1.6-2.0 9.3 7.6 5.6 7.4 
2.1-3.0 11.7 5.9 0.7 9.5 
3.1-4.0 9.7 4.0 0.0 3.3 
4.1-5.0 8.2 1.9 0.0 2.3 
5.1-6.0 5.7 3.2 0.7 1.6 
6.1-7.0 6.7 2.1 0.0 1.8 
7.1-8.0 4.5 1.7 0.0 1.6 
8.1-9.0 2.7 1.3 0.0 0.8 
9.1-10 3.5 1.3 0.0 1.1 
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in the various length classes. In each variety there is a larger per-
centage of spurs in the 0.6-1.0 cm. class than in any other. The 
close parallel in the distribution of Jonathan and of Wealthy spurs 
is striking. Gano and Devonshire Duke have different curves of 
distribution. 
ANALYSIS OF DATA 
Correlation between spur growth and performance implies a 
considerable degree of autonomy in the spur. If this quasi inde-
pendence be great, then studies of the factors affecting fruit bud 
formation may well be focused on the spur, taking little heed of 
the remainder of the tree. Because of the bearing of this matter 
on other investigations under way the data accumulated from 
measurements were subjected to closer analysis. 
By Years.-Table 3 shows the percentages of fruit bud forma-
tion in different years in spurs selected at random from six Gano 
trees in the University orchard at Columbia, bearing regularly in 
the odd years. Since these measurements were taken in the win-
ter of 1919-1920 no figures from subsequent years for these spurs 
are available. Performances in the bearing year of any spur were 
not considered; consequently all these figures apply to spurs hav-
ing full opportunity, so far as they were concerned individually, to 
form fruit buds. This they did abundantly in some years-the off 
years-and very meagerly in others-the bearing years. 
The marked difference between the distribution of spur per-
TABU 3.-PERCENTAGES OF FRUIT BUD FORMATION IN SPURS 0);' DIF);'ER1;N"T 
LENGTHS, IN GANO. 
Spur length 1915 1916 1917 1918 
(em.) 
0.1-0.5 57 3 38 1 
0.6-1.0 81 4 53 10 
1.1-1.5 87 17 59 28 
1.6-2.0 94 0 72 0 
2.1-3.0 93 20 58 37 
3.1-4.0 95 0 71 100 
4.1-5.0 94 50 73 0 
5.1-6.0 100 50 70 0 
6.1-7.0 95 80 
7.1-8.0 100 81 
8.1-9.0 100 0 83 0 
9.1-10.0 88 0 87 
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formance in the bearing years of Gano (1915 and 1917) and in the 
off years (1916 and 1918), as shown in Table 3, indicates that the 
condition of the whole tree influences spur performance in no small 
measure. The figures recorded in Table 1 for Devonshire Duke 
show much the same type of distribution of fruit bud differentia-
tion as is shown by the off years for Gano and the low average 
percentage of fruit bud formation in the Devonshire Duke suggests 
an association between the condition of the tree and the character 
of the distribution curve. 
By Trees.-Interesting comparisons between spur perform-
ances on two Wealthy trees, standing side by side, are shown in 
Table 4. One bears biennially in a pronounced manner; the other 
TABLE 4.-PERCENTAGE OF FRUIT BUDS FORMED BY SPURS OF VARIOUS GROWTHS 
ON A BIENNIALLY AND ON AN AN NUALLY BEARING WEALTHY TREE. 
Biennial Annual 
Growth 1916 1917 1918 1919 1920 1916 1917 1918 1919 1920 
(em.) 
0.1-0.5 88.4 6.7 86.7 0 100.0 53.5 26.3 62.5 78.0 73.2 
0.6-l.0 75.6 0 95.0 0 99.2 25.8 38.4 74.0 82.9 86.9 
1.1-1.5 83.3 0 85.0 0 95.7 20.0 44.4 69.4 65.0 92.6 
1.6-2.0 80.0 0 92.9 0 100.0 28.6 66.7 63.6 80.0 100.0 
2.1-3.0 88.5 0 73.7 
--
96.8 33.3 28.6 58.3 66.7 100.0 
3.1-4.0 85.5 0 70.0 0 100.0 50.0 60.0 63.6 100.0 100.0 
4.1-5.0 86.0 ' 0 83.0 
--
100.0 50.0 60.0 66.7 100.0 100.0 
5.1-6.0 66.7 0 100.0 
--
100.0 
--
57.2 50.0 80.0 100.0 
6.1-7.0 75.0 0 100.0 
--
100.0 33.3 85.7 100.0 100.0 100.0 
7.1-8.0 100.0 
--
100.0 
--
100.0 50.0 28.6 33.3 100.0 100.0 
8.1-9.0 
-- --
100.0 
-- -- --
80.0 33.3 100.0 
--
9.1-10.0 100.0 
--
100.0 
-- --
50.0 62.5 
--
100.0 100.0 
has borne with considerable regularity each year. Here again there 
appears a tendency toward mass behavior, to a considerable degree 
independent of the growth of the individual spur. In the biennial 
bearing tree this tendency is naturally the more pronounced; in 
1917 almost no fruit buds were formed by any of the spurs studied, 
regardless of the growth they made, and in 1919 there were prac-
tically no spurs to be considered, for nearly all spurs studied were 
bearing. The apparent discrepancy between the 1918 and 1919 
figures is explained by a few instances of consecutive bearing. 
Again it is emphasized that no measurements taken for the bear-
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ing year of any spur are included; these figures apply in every 
instance to non-bearing spurs. 
By Branches.-The data in Table 5 are fairly representative 
of conditions on the annually bearing Wealthy and show clearly 
that its annual bearing is due in large measure to individuality in 
the behavior of the branches. Not all branches show the same 
uniformity exhibited by those selected; nevertheless there ' is III 
every case a pronounced tendency to bear or not to bear. 
TABLE 5.-PERFORMANCE RECORDS OF INDIVIDUAL LIMBS ON AN ANNUALLY BEAR-
ING WEALTHY TREE. 
. Branch No. spurs No. spurs blossoming 
examined 1917 1918 1919 1920 
A 21 0 18 0 21 
B 14 12 0 14 0 
C 43 2 33 1 43 
D 30 2 0 30 0 
Table 6 records performances of individual spurs on two 
branches of the same tree, one branch alternating with the other. 
There is little relation between growth and fruit bud formation in 
such cases as these, though, to be sure, the very short growths 
are few. Spurs 240, 241, 243 and 123, which failed to form fruit 
buds with the others, did not form them for the off year. This 
occurrence, though not invariable, appears to be more common 
than the opposite and points to a lack of complete independence. 
Two branches, each of half-inch diameter, arising at points 
six inches apart on the same limb of a Jonathan tree, yielded the 
data recorded in Table 7. Every spur is included. These were 
young branches selected at random; several of the spurs on Branch 
A arose on 1917 wood. Neither of these limbs has borne biennially 
and in both cases the spur growth of the year preceding bearing 
is greater than that of the year which was not characterized by 
fruit bud formation. Nevertheless, large growth in the first of the 
two vegetative years, as exemplified in spurs A8(1918) and B7-
(1919) did not. result in fruit bud formation, though in the follow-
ing year very short growths, as represented by A2(1919) and B6-
(1920) were accompanied by fruit bud formation. 
By Year of Origin.-Uncomplicated by previous history, spurs 
in their first year as individuals, if they be autonomous, should 
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present in their performance some indication of that condition. 
If, on the other hand, they depend somewhat on conditions farther 
back in the tree, more fruit bud formation should occur in spurs 
arising during the off year. Table 8 shows the first year per-
formance of all Wealthy spurs measured. Under conditions pre-
sented here, spurs arising during the off year are likely to form 
fruit buds regardless of their growth and those arising during the 
bearing year are unlikely to form fruit buds, regardless of their 
growth. 
Another way of stating essentially the same fact is shown by 
the arrangement used in Table 9. This shows the date of the 
initial blossoming of all spurs studied. Were the spur completely 
autonomous there should be a uniform yearly rate; the marked 
alternation actually shown is therefore particularly significant. 
By Departures from Alternation.-In the cases of successive 
blossoming observed in Wealthy, the second blossoming occurred 
in the bearing year in 71 per cent of the total number. This means 
TABLE 6.-PERFORMANCE RECORDS OF INDIVIDUAL SPURS ON Two LIMBS OF AN 
ANNUALLY BEARING WEALTHY TREE. 
(Growth in em. F = blossoming, L = non-blossoming) 
Spur No. 1918 1919 1920 1921 Spur No. 1918 1919 1920 1921 
230 .7 F 5.3 F 109 F .7 F L 
231 1.2 F 2.0 F 110 F .7 F L 
232 6.7 F 3.2 F 111 F .3 F L 
233 .8 F .8 F 112 F .8 F L 
234 1.5 F .7 F 113 F .6 F L 
235 1.5 F 2.9 F 114 F .4 F L 
236 1.2 F .9 F 115 F .4 F L 
237 1.5 F .6 F 116 F .8 F L 
238 1.3 F 1.7 F 117 F .8 F L 
239 .5 F 3.3 F 118 F .5 F L 
240 1.0 1.1 2.6 F 119 F 1.5 F L 
241 .8 .8 1.8 F 120 F 9.8 F L 
242 1.1 F 1.1 F 121 F 5.3 F L 
243 .6 1.7 6.2 F 122 F 1.7 F L 
244 .5 F .2 F 123 8.6 1.5 F L 
245 4.0 F 3.4 F 124 F 2.4 F L 
246 5.3 F .8 F 125 F 1.6 F L 
247 .5 F 2.5 F 126 F 9.0 F L 
248 .5 F .9 F 127 F 1.7 F L 
249 2.3 F 1.1 F 128 F 1.1 F L 
250 .3 F .5 F 129 F 6.6 F L 
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that the spurs blossoming in the off year have much better chances 
of forming fruit buds immediately than those that blossom in the 
bearing year. 
Still further evidence of a general influence affecting fruit 
bud formation lies in the growths of non-bearing spurs in a crop 
year as compared with those made in an off year. If the general 
draft of the crop have any effect it should be reflected in the growth 
of the non-bearing spurs at that time. Data from Gano, Jonathan 
and Wealthy show an almost invariable increase and decrease of 
vegetative growth inversely with the crop (see Table 10). It is 
least pronounced in Jonathan, where the alternation of crops is 
less pronounced. Comparison between varieties shows, as for 
example between 1918 and 1919, that the grmvths of two varieties 
go upward and that of the other downward, in keeping with the 
crops, precluding the possibility of weather influences controlling 
this increase and decrease. 
Unsupported, these data would be open to the objection that 
the spurs not bearing in the crop year are chiefly barren spurs 
whose growth, always small, is submerged by the figures for the 
prolific spurs in the off year but constitutes nearly all the figures 
TABI,E 7.-PER1'ORMANCE RECORDS OF INDIVIDUAl, SPURS ON Two BRANCHI(S 
ARISING FROM THE SAME LIMB ON A JONATHAN TREE. 
(Growth in em. F = blossoming, L = non-blossoming) 
1918 1919 1920 1921 
Branch A 1 .5 4.3 F L 
2 .2 F L 
3 .3 1.4 F L 
4 .3 1.0 F F 
5 .5 2.6 F L 
6 .2 .7 F L 
7 .6 1.6 F L 
8 1.0 3.7 F L 
Branch B 1 .5 1.0 F 
2 F .7 .6 F 
3 F .5 1.7 F 
4 F .8 1.7 F 
5 F .3 .5 F 
6 F .3 .3 F 
7 F 2.0 6.3 F 
8 F .5 4.0 F 
9 F .4 .4 F 
10 F .4 1.0 F 
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for the crop year. Though no spur which had not blossomed at 
least once was recorded, as an additional check, all cases in which 
a spur after once blossoming had failed to follow the usual alter-
nation were tabulated for Gano. 
If there is any general influence affecting fruit bud formation 
it should be more effective toward bringing these barren spurs 
back to bearing in the crop year than in the off year. If, in addi-
tion, consecutive barrenness arise from failure to bear in the crop 
year, this same general influence should act to prevent fruit bud 
formation for blossoming in the off year. Consequently there 
should be more cases of three- and five-year successions of sterility 
than of two- and four-year respectively. If, on the other hand, 
there is no general influence, the frequency distribution should be 
TABLE 8.-PERCENTAGE OF FRUIT BUD FORMATION ON WEALTHY SPURS DURING 
THEIR FIRST YEAR. 
Growth (cm.) 0.1- 0.6- 1.1- 1.6- 2.1- 3.1- 4.1- 5.1- 6.1- 7.1- 8.1- 9.1-
0.5 1.0 1.5 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 
Biennial Bearing Tree 
Off Year 70 71 69 80 92 100 50 100 75 100 67 
Bearing Year 5 0 0 0 o __ 0 0 
Regular Bearing Tree 
Off Year 
(for branch) 83 91 100 0 100 50100 __ 100 100 
Bearing Year 
(for branch) 8 0 0 0 0 0 0 
Combined 
Off Year 76 76 76 57 93 75 67 100 83 100 75 
Bearing year 6 0 0 0 0 o __ 0 0 a 0 0 
in uniformly descending order, the two-year cases being most fre-
quent. The actual distribution found was: two years, 37; three 
years, 115 ; four years, 6; five years, 9. 
Still closer analysis lends further support. The two- and four-
year cases originated practically equally from bearing in the off year . 
and from failure to bear in the crop year. Consequently, when com-
bined and averaged they have little significance. However, with the 
growth segregated into crop year and off year, that in the crop year 
is found to average 1.97 cm. and in the off year 2.30 cm. The three-
and five-year cases originated almost entirely from failure to bear 
in the crop year. Therefore their growths, if there be assumed a 
general influence outside the individual spurs, should show alter-
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nate decreases and increases, inverse to the crop of the tree. In 
the three-year cases, starting with the off year, the average growths 
were respectively 2.64; 0.91 and 1.37 cm.; for the five-year cases 
the average growths were, respectively: 1.1, 1.0, 1.1, 0.5, and 0.7 . 
showing in both classes a rhythm inver~e to the crop. In all cases, 
the growth averages less in the crop year. 
A still more rigid test is secured by assembling cases of con-
secutive unfruitfulness and averaging their growths with all 
growths accompanying fruit bud formation eliminated; these fig-
ures represent purely vegetative growths resulting only in leaf bud 
formation. For the consecutive years of most marked crop alter-
TABLE 9.-PERCENTAGES OF I N ITIAL B LOSSOM IN G BY YF.ARS I N SPURS OF GANO, 
'WEALTHY, AND JONATHAN. 
Gano 
1906 1.2 
1907 0.6 
1908 0.8 
1909 1.0 
1910 3.8 
1911 1.8 
1912 14.8 
1913 3.6 
1914 22.6 
1915 3.2 
1916 40.2 
1917 0.4 
1918 5.8 
1919 0.2 
1920 
1921 
Wealthy 
0.8 
0.8 
3.0 
0.4 
3.4 
1.1 
49.1 
0.4 
35.4 
0.0 
5.8 
Jonathan 
0.2 
0.9 
1.6 
1.6 
2.9 
6.8 
9.5 
16.5 
9.5 
19.6 
7.1 
17.1 
6.0 
1.3 
nation these averages, beginning with the off .year, are respective-
ly: 1.19 cm., 0.96 cm., 1.15 cm. and 0.89 cm. If the last year of the 
unfruitful succession be included-the year before resumption of 
bearing-these! differences are accentuated, viz.: 1.66 cm., 1.03 cm., 
3.28 cm. and 0.88 cm. However, even with these omitted, the ef-
fect on the purely vegetative growth is interesting. 
An Annually Bearing Limb.-To complete the statistical an-
alysis, data from certain spurs on one limb of the annually bearing 
Wealthy are assembled in Table 11. These spurs have histories 
tracing back at least to 1914; most of them are older. This lim!> 
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is characterized by a tendency to bear annually. That this is an 
acquired tendency is shown by the increase from 1914 to 1919 in 
the number of spurs blossoming, a rise from one in the former year 
to nine in the latter. The proportion of cases of fruit bud forma-
tion in successive years is unusual for this variety. . Even here 
the relationship between growth and fruit bud formation is not 
sharply defined and is revealed only by a general tendency toward 
increased growth as the spurs approached a fruitful condition. 
TABLE 1O.-GROWTH OF NON-BLOSSOMING SPURS IN RELATION TO THE PERCENTAGE 
OF SPURS BLOSSOMING IN THE SAME YEAR. 
1920 1919 1918 1917 1916 1915 1914 
Gano 
Growth ( cm. ) 1.91 0.85 3.23 1.27 2.79 1.15 
Crop (per cent) 3.8 644 I.2 79·3 6.2 55·3 
Jonathan 
Growth (cm.) 0.81 0.76 1.54 1.96 1.20 1.35 
Crop (per cent) I4·4 3 I -S 55.2 2I·3 55·0 24·2 
Wealthy 
Growth (cm.) 1.26 1.21 1.45 1.19 1.79 0.74 1.23 
Crop (per cent) 0·3 89-7 0·3 65·2 2.I 94 2.6 
DISCUSSION 
Apparently, then, the data presented show, on the one hand 
a relation between spur growth and performance and on the other 
hand little or none of such relation. However, they are not irre-
concilable. They reflect different conditions. Under certain con-
ditions practically all spurs either form fruit buds or they do not; 
under other conditions some spurs form fruit buds while others, 
intermixed with them, do not. In the latter case the correlation 
between growth and fruit bud formation attains some importance. 
Spurs showing several successive years of unfruitfulness have a 
tendency toward increased growth in the year of fruit bud forma-
tion. This accounts for a little more of the correlation. Combined 
in massed figures these two tendencies establish the correlation as 
shown in Table 1. 
However, the spurs that are making successive vegetative 
growths show a tendency toward uniformity even in the amount 
of this growth, as shown in Table 7. This suggests strongly that 
the relationship between growth and performance is a parallel 
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manifestation of the same or related influences and not in itself 
a cause and effect relationship. 
The succession of units possible in performance is most strik-
ing. On the one extreme is the tree (Table 4) ; next smaller, the 
scaffold limb (Table 6); still in descending order, the branch 
(Table 7) and finally the spur (Table 11). This points to the 
probable importance of influences farther back in the tree than the 
spurs in promoting fruit bud formation. The influence must be 
strong in some cases, causing general uniformity, either in fruit-
fulness Or in unfruitfulness. In other cases it may be less positive 
TABLE ll.-PERFORMANCE RECORD OF INDIVIDUAL Sl'URS ON A BRANCH OF AN 
ANNUALLY BEARING WEALTHY TREE. 
(Gro~lJlh in em. F = blossoming, L = non-blossoming) 
Spur No. 1914 1915 1916 1917 1918 1919 1920 1921 
169 .7 1.3 6.2 .8 F .6 F L 
170 1.2 2.3 9.1 F 3.8 F 1.0 F 
172 .6 F 9.4 8.0 3.5 1.3 1.4 F 
173 1.0 .9 F 7.9 4.2 F .2 L 
174 .7 1.4 F 2.1 .8 F .5 F 
177 1.2 1.0 6.1 F F F .7 F 
178 .5 4.9 .5 3.9 .6 F 1.1 F 
180 .5 .6 6.2 6.4 F 1.0 1.3 F 
181 .5 .5 .7 .6 .5 F .8 F 
183 .2 .2 .4 .3 F F F L 
184 .5 1.1 2.0 5.7 1.5 F .4 L 
186 .4 .4 .7 .8 F F .3 L 
187 F .5 3.1 9.3 F .4 F L 
188 .9 .4 .5 F .4 .5 F L 
191 .5 .6 2.5 1.1 F .8 F F 
and the performance of the individual spur determined largely by 
conditions within the spur itself (Table 11). 
Evidence from Chemical Analysis.-Table 12 records chemical 
analyses of spurs and of bark from the scaffold limbs of bearing and 
non-bearing York trees. Since these data represent part of the ma-
terial which will appear in a subsequent bulletin now in prepara-
tion, no attempt is made here to discuss their significance in detail, 
though it may be of interest to note that the bark even on the scaf-
fold limbs of a tree in full bearing contains as high percentages 
of potassium as the spurs, the nitrogen percentage content is only 
half of that in the spurs and the phosphorus percentage content 
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is at times much less, but in June of the bearing year actually 
greater in the bark than in the spurs. 
Two points, however, should be mentioned for their possible 
bearing here. F irstly, the essential similarity in nitrogen content 
of the bark and the marked difference in this same constituent in 
the spurs, as between bearing and non-bearing trees is at least 
interesting. The second point is the comparison of starch contents 
which are distinctly different in the bearing and non-bearing years 
and vary in the bark in the same manner as in the spurs. This 
offers clear evidence that in this respect a large part of the aerial 
portion of the tree is acting as a unit. The starch content of the 
bark may not affect that of the spurs; both may depend on the 
same condition in the tree as a whole. In other words , the circum-
TABLE 12.-THE CHEMICAL COMPOSITION OF BARK AND SPURS FROM BEARING 
AND NON-BEARING YORK TRItES. 
Dry Reducing Starch Ash K P N 
.Weight Sugars (Per (Per (Per (Per (Per 
(Per cent cent cent cent cent 
cent dry dry dry dry dry 
dry weight) weight) weight) weight) weight) 
weight) 
Trees in Bearing 
Bark 
May 22 43.4 1.48 0.11 7.97 .621 .060 0.58 
June 19 47.9 1.32 0.00 9.91 .570 .145 0.58 
Sept. 6 44.9 1.87 2.53 10.76 .457 .110 0.52 
Nov. 20 44.1 2.68 1.58 12.35 .498 .098 0.69 
Spurs 
May 22 40.2 .79 0.68 9.73 .678 .170 1.020 
June 19 44.4 1.26 0.00 6.44 .554 .140 0.916 
Sept. 6 46.7 1.21 2.88 7.97 .408 .155 1.030 
Nov. 20 48.4 2.95 1.08 9.05 .489 .222 1.220 
Non-Bearing Trees 
Bark 
May 27 42.1 1.38 0.72 11.62 .601 .083 0.56 
June 24 43.5 .94 2.30 7.85 .558 .084 0.55 
Sept 20 48.1 .90 3.19 8.87 .461 .113 0.58 
Dec. 3 53.8 4.22 1.91 10.28 .587 .110 0.72 
Spurs 
May 27 45.6 1.17 0.92 8.98 .593 .123 0.773 
June 24 49.4 .92 2.88 6.67 .516 .227 0.960 
Sept 20 53:9 .79 2.75 10.38 .445 .202 0~950 
Dec. 3 44.7 2.78 1.51 8.85 .539 .233 1.090 
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stance which prevents starch accumulation in the spurs may like-
wise prevent starch accumulation in the bark when the majority of 
spurs are bearing fruit and it might be supposed that the large 
amount of developing fruit which the tree is bearing utilizes all 
the carbohydrates that the usually diminished leaf area of the 
bearing tree can manufacture and consequently diminishes the 
supply reaching the regions of storage. Since starch accumulation 
does not occur in the bark of these trees at the time of fruit bud 
differentiation when the tree is in its bearing year it is not sur-
prising that starch accumulation is also absent in the relatively few 
spurs that are not bearing fruit and particularly in newly formed 
spurs on second year wood. 
HartigO found that previous to the seed year in the beech and 
oak large amounts of starch were stored in the medullary rays of 
the wood. In non-bearing years the starch stored in the two 
youngest annual ring was reduced to about half after the middle of 
June, but the supply was replenished in October; in the seed bear-
ing year the starch content of the entire wood was reduced to a 
minimum, consuming the accumulation of eight years; further-
more nearly all the nitrogen disappeared from both wood and 
·bark. Hartig concluded that the food supply of the buds was de-
rived from local accumulations, that the activity of the cambium 
utilized only a very small amount of the starch stored in the wood, 
but that the accumulation of surplus reserves over a period of eight 
years was used in seed production. "In many trees, for example 
elms and fruit trees," he states, "a seed year usually follows a year 
of rest in which surpluses are accumulated; in other kinds of trees 
seed years recur only after three, five or even ten years." 
These findings are important since they indicate that in the 
beech and oak, as well as the alternate bearing apple, the tree acts 
more, or less as a unit; they suggest that the starch content of 
apple wood may be significant and they imply a rather direct re-
lation of the reserve starch in the trunk and branches to the fruit-
ful condition of the tree as a whole. If Hartig's surmise that the 
starch accumulations in the trunk are used for seed production be 
correct, the question of the passage of carbohydrates up the trunk 
must be studied from a new point of view. In the beech, for ex-
ample, no significant upward translocation of carbohydrates would 
occur eight years out of nine. Very materially different results 
might be obtained from investigating trees in the bearing year 
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than in the off year and a consideration of the condition of the ma-
terial used for experimental purposes might go far to reconcile 
the conflicting reports on the upward translocation of carbo-
hydrates. 
Evidence from Diameter Growth.-The influence of crop pro-
duction on the older parts of the tree is shown not merely by the 
chemical analyses just presented, but also by the measurements 
of wood growth shown in Table 13. The greater width of annual 
rings in years when no crop was borne cannot be attributed to 
variations in climatic factors or in soil conditions since the two 
branches studied were taken from the same tree; branch C bore 
fruit in even years while branch D bore fruit in odd years. This 
TABU 13.-';WIDTH Oli' ANNUAL RINGS (IN MILLIMETERS) ON Two BRANCHES 
Oli' A WEALTHY TREE. 
Branch C Branch D 
(bearing in even years) (bearing in odd years) 
Secton 3.3 cm. Section 2.1 cm. Section 3.7 em. Section 2.3 cm. 
in diameter in diameter in diameter in diameter 
1917 1.6 1.9 0.5 1.2 
1918 0.7 0.8 1.2 0.5 
1919 1.3 2.3 0.3 0.3 
1920 0.9 0.8 0.4 1.5 
relationship has not been studied sufficiently to warrant an asser-
tion of its universal occurrence, though the same correlation has 
been observed here in old Ben Davis spurs and McCue10 reports, 
"In the alternate bearing [apple] trees, the year of production seems 
to succeed a year of relatively great increase in trunk increment." 
SIGNIFICANCE 
A priori application of these facts to fruit bud formation in the 
apple would be unjustified and is not attempted here. However, 
enough evidence is available to indicate that though conditions within 
the spur are always important and frequently decisive, conditions in 
the tree back of the spur are also important and frequently decisive 
.of the spur's performance. It is shown here that the spur or the 
whole tree or branches may be units and that the individual spur is 
influenced, sometimes at least, by the performance of the other spurs. 
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How indirect this influence is, through effects on near or on remote 
portions of the tree, is not yet determined. It is shown that the col-
lective performance, of the spurs has an influence on rather remote 
parts of the scaffold limb. Whether the remote parts have an influ·· 
ence on the spurs is not yet shown definitely. The data presented 
show that the factors influencing fruit bud differentiation are localized 
narrowly at times, widely at times. In any case, careful investigation 
of the factors determining fruit bud differentiation should not be COil ' 
fined to the spur alone. 
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